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1- System Architecture 

Logically an 801 system consists of main storage, a 
central processing unit, low-speed and high-speed 
input/output devices , and an interrupt adapter. This 
structure is shown in Figure 1. 

Main storage provides the system with directly 
accessable fast access storage of data. Both data and 
programs must be loaded into »ain storage (from input 
devices} before they can be processed. 

So processing of data occurs in »ain storage, either 
implicitly or explicitly. All data must be loaded into 
high-speed CPU storage called registers before it can be 
operated upon. Hain storage may be either physically 
integrated with the CPU or nay be constructed as stand-alone 
units. Additionally, main storage may be composed of large 
volume storage and faster access buffer storages, called 
caches. & CPO may have no cache, a cache for data 
references, a cache for instruction references, or 
individual caches for instruction and data references. 

Onlike usany systems, the fetching of instructions and 
ttoe fetching and storing of data are not tightly coupled. 
Whether or not a cache for instructions is present, the CPO 
always attempts to prefetch one or more instructions. 
Bence, «odification of an instruction by a program may not 
be seen when that instruction is fetched for execution, 
unless explicit steps have been taken to ensure that all 
pre-f etched instructions have been invalidated. For the 
purpose special instructions to control the caches have been 
provided. 

Again, unlike many systeas with caches, the data cache 
is not tightly coupled to the flow of data to or from 
input/output devices. For low -speed devices, which 
communicate directly with the CPO through its registers, 
this creates no problem. For high-speed input/output devices 
which nay access memory directly, the program must ensure 
that, where necessary, updated data in cache is placed in 
storage prior to output, and that storage updated by input 
is correctly reflected in the data cache, again, the cache 
control instructions can be used to guarantee correct 
results in these situations. 
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Fetching and storing of data by the CPO are not 
affected by any concurrent direct memory access in put /out put 
data transfer, then concurrent requests to a main storage 
location occur, access is normally granted in a 
predetermined sequence that assigns highest priority to 
input/output requests. If the first reference changes the 
contents, any subsequent storage fetches obtain the new 
contents, although, as noted above, care must be taken to 
ensure the synchronization of data and instruction caches 
where concurrent accesses are possible. 

Bain storage may be volatile or nonvolatile. If it is 
volatile, the contents of main storage are not preserved 
when power is turned off. If it is nonvolatile, turning 
power on or off does not affect the contents of main storage 
provided the CPO is in the stopped state and no references 
are made to main storage by input/output devices which can 
directly access storage. The organization of storage is 
shown in Figure 2. 
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Figure 2 - STORAGE OEGABIZITIOS 



1.1 Central Processing Unit 

The central processing unit (CPU) is the controlling 
center of the system. It contains the sequencing and 
processing controls for instruction execution, interruption 
action, initial program loading, and other system-related 
functions. 

The CPU, in processing instructions, attempts to 
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achieve the greatest instruction processing rate possible. 
Instructions which do not require storage access may be 
executed while storage is being accessea for some previous 
instruction, and the CPO attempts to pre-fetch instructions 
whenever possible, overlapping such fetches with the 
execution of other instructions. Since a successful branch 
instruction requires the fetching of an instruction out of 
sequential order, means are provided to permit execution of 
one instruction while fetching the target instruction of the 
branch. Control is maintained over such pre-f etching so that 
instruction execution appears to take place in the order 
intended by the programmer. 

Instructions which the CPU can execute fall into ten 
classes; storage access, address computation, branching, 
trap, move, arithmetic, logical operation, shift, system 
control, and input /output instructions. A separate section 
is devoted to each instruction class. 



1.2 Register Organization 

111 manipulation of information is done in high-speed 
storage internal to the central processing unit (CPU) . The 
principal storage internal to the CPU is a set of sixteen 
registers. Each register consists of 21 bits. These 
registers contain a prefix of eight bits and a half of 
sixteen bits. The half consists of two characters, CO and 
CI, of eight bits each. The half is also considered to 
consist of four digits, bO, B1, 02, and D3, each containing 
four bits. The register organization is shown in Figure 3. 

To avoid the destruction of operands in certain 
operations, some instructions provide for the result of the 
operation to be placed in the twin of one of the source 
operand registers. The register twin to a given register has 
the name, in binary, of the given register, with the 
low-order bit inverted. Thus, the twin of register 5 (binary 
010 1) is register a (binary 0100), and the twin of register 
12 (binary 1100} is register 13 (binary 1101). 

For computational purposes, registers are treated as 
signed quantities, unsigned positive quantities, or, where 
required, as unstructured logical quantities. A register may 
be treated as (a) an algebraic quantity consisting of a sign 
bit and twenty-three low-order integer bits, in two's 
complement representation, or (b) an unsigned positive 
integer of twenty-four bits. 
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Figure 3 - REGISTER ORGANIZATION 
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Three additional special-purpose registers exist within 
the CPU. These registers are known as (a) the instruction 
address register (IAR) , (b) the HO-register , and fcj the 
condition register (CK) . These registers are implicitly or 
explicitely addressed for a particular action or operation, 
and they aay be accessed* used, or altered by a multiplicity 
of instructions. 

1.2.1 The Instruction Address Register 

The instruction address register (IAR) , as shown in 
Figure ft, is a 2ft~bit register which normally contains the 
address of the next instruction to be executed. Since all 
instructions are constrained to lie on half-word boundaries, 
the low-order bit (bit 23) of the instruction address 
register is constrained to be zero. 
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Figure ft - INSTKUCTIOI ADDRESS REGISTER 



As a rule, the content of the instruction address 
register is increaented by the length of the current 
instruction during the process of decoding that 
instruction. Should this instruction be a successful branch 
instruction, the content of the instruction address register 
will be changed to the address of the branch target 
instruction, as given by the branch instruction. 

1.2.2 The HQ Register 

The BQ-register (KQ) is a 16— bit register whose priaary 
use is to provide a register extension to accomodate the 
product for the Multiply Step instruction and the dividend 
for the Divide Step instruction. 



1.2.3 The Condition Register 

The condition register (CR) is a 16-bit register used 
to reflect the effect of certain operations, to provide a 
■echanisa for testing {and branching) on a bit or condition, 
and to provide a 'parity stack* to indicate which bytes of 
the last four half words loaded were addressed . The 
condition register is shown in Figure 5. 
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Figure 5 - THE COHBITIOH REGISTER 

The first four bits of the condition register are used 
for the parity stack (SX) . Bit is known as SXO, bit 1 as 
Sit, bit 2 as SX2, and bit 3 as SX3. An effect of an 
instruction that loads the half of a register is to push the 
parity stack down one position. The lowest bit of the stack 
(SX3) is lost, while the low-order bit of the storage 
address is placed on the top of the stack, above the 
previous top three stack elements - 

* Bit ft of the condition register is set by the IOR and 

* IOW instructions- It is set to one if the I/O adapter 

* selected by one of these instructions cannot accept the 

* cosnand. It is set to zero if the adapter accepts the 

* co»»and. 

Bit 5 of the condition register is the decimal 
exception latch (BX> . If the decinal feature is not 
installed, this bit is also reserved, and is set to zero 
whenever the condition register is loaded. If the decimal 
feature is installed, this bit is set by the decimal 
instructions (Add and Subtract Decimal J to one or zero if an 
exception condition is or is not, respectively, detected. 
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Bit 6 of the condition register is the lock exception 
latch {LX} . If the lock feature is not installed, this bit 
is also reserved, and is set to zero whenever the condition 
register is loaded. If the lock feature is installed, the 
use of this bit is described under the definition of the 
establish lock instruction. 

Bit 7 of the condition register is the less-than latch 
(Mfy - It is set to one by comparison operations if the first 
comparand is less than the second comparand. It is set to 
one by certain other arithmetic and logical operations if 
the result is negative or if the high-order bit of the 
result is one. 

Bit 8 of the condition register is the equal latch 
(EQ) . It is set to one by comparison operations if the first 
comparand eguals the second comparand . It is set to one by 
certain other logical and arithmetic operations if the 
result is zero, or if all bits of the result are zeros. 

Bit 9 of the condition register is the greater-than 
latch (GT) . It is set to one by comparison operations if the 
first comparand is greater than the second comparand. It is 
set to one by certain other arithmetic and logical 
operations if the result is positive or if the high-order 
bit of a non-zero result is zero. 

Bit 10 of the condition register is the carry -zero 
latch (CO) . It is set to one by certain arithmetic 
instructions if the operation generates a carry out of bit 
position zero. It also functions as a special-purpose 
indicator for the Bivide Step and Multiply Step 
instructions. This latch is set by logical compare 
instructions to show eguality/ineguality of character CO of 
the comparands. 

Bit 11 of the condition register is the carry-one latch 
(C1J . It is set to one by certain arithmetic instructions if 
the operation generates a carry out of bit position eight. 
This latch is also set by logical compare instructions to 
show eguality/ineguality of character CI of the comparands. 

Bit 12 of the condition register is the overflow latch 
(OV), which is set to one when arithmetic and certain shift 
operations overflow. It also functions as a special purpose 
indicator for the Divide Step instruction. 

Bit 13 of the condition register is the 
sum nary -overflow latch (SO) . Whenever an instruction sets 
the overflow latch, it resets the summary-overflow latch to 
the OB of the overflow-latch with the old value of the 
summary -overflow latch. 

Bit 1ft of the condition register is the peraanent-zero 
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bit (PZJ . It is set to zero whenever the condition register 
is loaded, and it cannot be reset to one. Its presence 
provides for a guaranteed branch in the BI format by use of 
the Branch On Hot-Bit instruction, where the permanent zero 
bit is specified. 

Bit 15 of the condition register is the test bit (TB) . 
& bit Bay be sowed to or fro* an arbitrary bit position in a 
half fro» or to the test bit of the condition register 
throngh use of the Hove Fron/To Test Bit Indexed/Value 
instructions. 

ill bits of the condition register, save those reguired 
to be zeros, can be arbitrarily set through use of the Bove 
fo Condition Eegister instrnction. Additionally, any 
individual bit of the condition register Bay be set to an 
arbitrary value by use of the Insert Condition Bit Immediate 
instruction, except, of course, those bits reguired to be 
zero. 
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1.3 Instruction Formats 

The five instruction formats, X, R, B, BI, ana BA, are 
shown in Figure 6. For X ana D instructions that refer to 
storage, and for I/O instructions, address calculation is 
according to the formulas: 

X-Foraat C»B) * 0/(lC) 

B-Fomat 0/(RC) ♦ {©(bits 0-7} || I J 

where 0/{RC) indicates the value if RC is specified as 0, 
| else the contents of register RC. I is treated as an 
| unsigned 16 bit integer. 
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f 1.4 Interrupts 

f An interrupt consists of storing the instruction 
( address (IA) of the next instruction in a particular 
| location in main memory and resetting the IA to a fixed 
| value, Each interrupt type has area of 32 bytes for storing 
t the old IA and other information associated with the 
I interrupted state, and an area of 32 bytes (8 words) to 
\ which control is transferred when the interrupt occurrs. 
I Both of these areas may or nay not be in the data or 
i instruction cache, respectively, when the interupt occurs. 
I The organization of these interrupt areas is shown in Figure 
f 7. The 32 byte areas called Hit are the locations to which 
J control is passed when an interrupt occurrs. Presumably, a 
I branch instruction will be placed in an area. The word 
| labeled QLB IA is the location into which the old IA is 
| stored. The reserved word is saved for possible future use 
I by the hardware to provide aore information about the 
J interrupt. The remaining six words are usable by the 
I software. 

I normally, an interrupted program can be resumed at the 

f location whose address has been stored as the old IA. 

| However, when errors are being reported, this may not be 

| possible. In general, the attempt will be to suppress the 

I erroneous operation and report its location as the old IA. 

I In some cases, a confused nachine state may exist at 

| interrupt. Particular difficulties are caused by branch and 

I execute instructions and by load/Store instructions. If 

| errors arise either in the branch and execute or the 

r instruction following it (the subject instruction) , the old 

I IA will identify the branch, and software analysis will be 

t required. (It may not be possible to completely recover 

I from a failure in the subject instruction of a branch, link 

t and execute.) Load and store instructions are overlapped 

i with instruction execution, and thus an imprecise interrupt 

t scheme will be needed to report memory failures. The 

t following is a description of each of the interrupt types. 

I |PI - This interrupt is used to initiate program 
I execution after an IPL. THe processor is disabled after 
I an IPt interrupt. 

I M achine Error - All processor and I/O machine failures 
I are reported with this interrupt- After the interrupt, 

I the processor is disabled. 

• Program Error - Program errors are reported with this 

I interrupt. These include; 

I Out of range load /store address 

I Out of range instruction address 

I Undefined operation 

I Illegal subject instruction following a branch and 
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f execute. 

| After the interrupt, the processor retains its foreer 

I enable/disable status. 

| Trap - The trap instructions use this interrupt to 

\ report a successful comparison. The old II will be the 

f instruction following the trap. The processor 

| enable/disable state is retained. 

I External - I signal froa the external interrupt adapter 

| while the processor is enabled causes this interrupt. 

\ The interrupt will never occur between a branch and 

J execute, and its following instruction, which are 

I treated as a single operation. The processor is 

J disabled after the interrupt. (Bote that the processor 

J anst have been enabled before the interrupt.) 

f I/O Check - fi tiae-out or an error in the adapter 

\ interface dnring an I/O read or write will cause the 

I operation to be suppressed and an I/O check interrupt 

f to be taken. The old II location will contain the 

I address of the I/O instruction which failed. The enable 

I state of the processor is retained after this 

j interrupt. 
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Figure 7. Interrupt Areas 
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I 1.5 Input and Output 

* Input/Output (I/O) operations involve the transfer of 

* information between main storage or the CPO and an I/O 

* adapter. I/O adapters attach I/O defices to the CPO via an 

* I/O Bus which operates at approximately 801 speed. These 

* adapters also connect to a special adapter, called the 

* External Interrupt Adapter, that collects all the interrupt 

* requests from the other adapters , and presents them to the 

* 801 through the external interrupt line. Some high-speed 

* I/O devices also attach through Mrect Memory Access (DBA) 

* directly to main memory for the direct transfer of data at 

* high data rates. 

* A complete description of the I/O structure, program 

* architecture, and functional characteristics, appears in the 

* *801 I/O Subsystem Definition" document. 

J 1.5.1 The External Interrupt Adapter 

* The interrupt adapter is the common link between all 

* I/O for all interrupts froa the I/O adapters to the CPU. It 

* accepts requests for service from the various attached I/O 

* devices, and, when the CPU is enabled for external 

* interruptions, presents them to the CPU in some priority 

* sequence. 

* The External Interrupt Adapter itself appears to the 

* CPU like an I/O device, with various functions depending 

* upon the particular model of the adapter. It may contain 

* interval timers, real time clocks, device selection and/or 

* masking aechanisms, and other features. 

| 1.5.2 Input /Output Interface 

* Cosaunications between an adapter and the CPU or memory 

* is under program control. While all adapters, including the 

* External Interrupt Adapter, attach to the common I/O bus, 

* control sequences are, in general, unique to a particular 

* adapter. These sequences, and their responses, are provided 

* through the instructions Input/Output Read and Input/Output 

* write, which transmit to a specified adapter a 24 bit 

* address/command field, and attempt to accept or transmit 16 

* bits of data or control information in a specified 

* register. Hence, apart from the commonality of the I/O bus 

* and the interrupt adapter, the interface between each device 

* and the CPU is essentially a programmed interface. 

* '' For the Direct Memory Access that attach high-speed I/O 

* defices directly to memory, a given control sequence may 

* initiate the direct transfer of a block of data between main 

* memory and the device. In such circumstances the device 
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* shares memory with other active directly attached devices 

• and the CPU. 
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2. Storage Access 

Storage is organized as a sequence of 32-bit words, 
each consisting of fotir 8-bit bytes. Bytes in storage are 
consecutively numbered, left to right, starting with zero. 
Bach number is considered the address of the corresponding 
byte. 

All addresses are computed as byte addresses. Storage 
addressing wraps around from the maximum byte address, 
16,777,215, to address zero. If less than the maximum amount 
of storage is installed, an attempt to utilize a byte from a 
non-existent storage location will result in an address 
exception condition. 

All storage accesses are for a word or multiples 
thereof. Accesses for a register fetch or store the three 
low-order bytes of a word. Accesses for a half fetch or 
store the high- or low-order half-word of a word, as 
required . Accesses for instructions may require the 
fetching of a word, a half-word, or the low-order half-word 
of a word followed by the high-order half-word of the next 
consecutive word in storage. Half-word or word addresses 
are generated, respectively, by ignoring the low-order one 
or two bits of a byte address. 

If a cache memory for data references is installed, 
accesses to or from cache to storage occur in multiples of 
J words. Becaose instruction fetch, storage access, and 
| register access are overlapped in the execution of load and 
| store instructions, interrupts, such as for a bad effective 
I address, may be imprecise. 

2.1 Instructions 

LHAD — load half algebraic,B-ferm 





I t f 


XX 


t KB f BC ! 




I I, I 



r 



8 12 16 31 

The half (chars CO and CI) of the register specified by BB 
is replaced by the half word of storage addressed by 0/(RC) 
* I. The resalting sign bit is extended through the prefix 
of register RA. The parity stack in the condition register 
is pushed down, and the condition register bit SX3 is lost. 
Condition register bit SXO assumes the value of the 
low-order bit of the storage address. 
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LHAX — load half algebraic, X~for» 



• I I I 1 

ix i b% I sb § ic r 
r i » i i 



8 



12 15 



(X) 



The half (chars CO and CI) of the register specified by KA 
is replaced bf the half word of storage addressed by (SB) + 
0/(RC). The resulting sign bit is extended through the 
prefix of register 1A. The parity stack in the condition 
register is pushed down, and the condition register bit SX3 
is lost. Condition register bit SXO assumes the value of the 
low-order bit of the storage address. 



LR2B 



load half zero,D-for» 



XX 



t. 



f \ f 

I SB [ SC I 

I f l_ 

8 12 16 



f 

— t 
31 



m 



The half (chars CO and CI} of the register specified by RB 
is replaced by the half word of storage addressed by 0/fRC) 
♦ I. The prefix of register RB is set to zeros. The parity 
stack in the condition register is pushed down, and the 
condition register bit SX3 is lost- Condition register bit 
SXO assumes the value of the low-order bit of the storage 
address. 



LH2X 



load half zero,X-fors 



I 




f 




I 




1 




1 


i 


X 


r 


RA 


1 


IB 


1 


RC 


t 


t 




i 




f 




r 




I 



4 



8 



12 15 



(X) 



The half (chars CO and CI) of the register specified by RA 
is replaced by the half vord of storage addressed by (IB) ♦ 
0/(BC) . The prefix of register RA is set to zeros. The 
parity stack in the condition register is pushed down, and 
the condition register bit SX3 is lost. Condition register 
bit SXO assumes the value of the low-order bit of the 
storage address. 
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| I.B — load, D-for» 



lift f 

\ XX I EB { SC r I I (B) 

t_ » i r i 

8 12 16 31 

* The content of the register specified by RB is replaced by 
characters 1,2 and 3 of the word in storage addressed by 
0/{8CJ + I. 

\ Hote: This instruction does not affect the condition 

{ register in order to be able to preserve the machine state 

t when processing an interrupt. 

I tX — load, X-£or» 



(X) 
H 9 12 15 

* The content of the register specified by RA is replaced by 
characters 1,2 and 3 of the word in storage addressed by 
(RB) + 0/(RC) . 

f note: This instruction does not affect the condition 

I register in order to be able to preserve the machine state 

f when processing an interrupt. 

STCD — store char,B~for« 



t 


t i r i 


1 x 


I El | BB | 1C f 


f 


1 1 t 1 



I 




1 I I 


\ 


XX 


I BB f SC | 


I 




I I I 



i m 



8 12 16 31 

The char of storage addressed by 0/(RCJ + I is replaced by 
char CI of the register specified by RB. 
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STCX — store char^x-fora 



t f t I I 

I X I £i I IB | EC { (X> 

t _i i i i 

4 8 12 15 



The char of storage addressed by (IB) ♦ 0/{lC) is replaced 
by char CI of the register specified by RA. 

STBD — store half ,D-for* 



r 




t i r 


f 


XX 


I RB | EC f 


i 




i r i 



t 



Q 8 12 16 31 

The half word of storage addressed by 0/{RC) ♦ I is replaced 
by the half of the register specified by RB. 

STBX — store half,X~for» 



Villi 

|X | M | BB ( BC | (X) 

I _l I I t 

4 8 12 15 



The half word of storage addressed by (RB) * 0/(BC) is 
replaced by the half of the register specified by RA. 

| STB — store, D-forn 



1 




1 I 1 


t 


XX 


1 SB | BC f 


1 




II 1 



I 
i 



8 12 16 31 

Chars 1, 2, and 3 of the word in storage addressed by 0/fRC> 

+ I is replaced by the content of the register specified by 

RB. 

{ Mote: This instruction does not affect the condition 

| register in order to be able to preserve the machine state 

| when processing an interrupt. 
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| STX ~ store, X-fora 



I I f I I 

I I | Ei | B8 | BC | (I> 

r i t i i 

H 8 12 t5 



Chars 1, 2, and 3 of the word in storage addressed by (RB> ♦ 

0/(EC) is replaced by the content of the register specified 

by RA. 

I Bote: This instruction does not affect the condition 

I register in order to be able to preserve the machine state 

\ when processing an interrupt. 
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3. Address Computation 
3.1 Instructions 
CAD — com put e adaress,D-fora 



\ 




I } 1 


J 


XX 


f BB f 1C J 
1 1 1 







8 12 1 



I 



31 

The address specified by 0/(KC) ♦ I replaces the content of 
register IB- lo storage references for operands occur, and 
the address is not inspected for address exceptions. 

CAX — coapute ad fir ess, X- fora 



i i » r i 

I I | M | IB | BC | {%} 

I » I » I 

4 8 12 15 



the address specified by (1B> + 0/(RC) replaces the content 
of register SA. Ho storage references for operands occur, 
and the address is not inspected for address exceptions. 
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Branching 



The normal seguential execution of instructions may be 
changed by the use of the branch instructions in order to 
perform subroutine linkage, decision taking, and loop 
control . 

Subroutine linkage is provided by branch and link 
instructions: 

branch and link absolute (with execute) — B&LA,BSLSX 
branch and link (with execute), R-form — ■ BfkLR,BSLHX 
branch and link (with execute) , I-form — BS.LI,BSLIX 

These instroctions permit not only the introduction of a new 
instruction address, but also preservation of the return 
address in an implicitly or explicitly designated register. 
In every case, the new instruction address, the address of 
the branch target instruction, is computed before the return 
address is saved. For the regular forms of the instruction, 
the return address is the address of the byte immediately 
following the Branch Ind Link instruction; for the execute 
forms of the instruction, the return address is the full 
word boundary on or preceeding the the location six bytes 
beyond the instruction immediately following the branch and 
link with execute instruction. In the latter case, the 
register containing the return address is available to the 
subject instruction. Hote that when is specified as 
register HC in the R-form Branch Ind Link instructions, the 
branch address is taken from register Q. k separate 
instruction, Move Prom Instruction Address legister, is 
provided for obtaining the corrent instruction address. 

Facilities for decision making are provided by the 
conditional branch instructions: 

branch on bit (and execute), I -form — BB,BBX 
branch on bit (and execute), i-form — BBK,BBBX 
branch on not-bit (and execute), I-form — BHB,BHBX 
branch on not-bit (and execute), l-form — BHB1,BSBSX 

These instructions provide the capability of branching 
or not according to any specified state of any bit of the 
condition register. Loop control can also be accomplished 
through use of these instructions to test the outcome of 
address arithmetic and counting operations. 

a.1 Invalid Branch Addresses 

If a branch specifies an invalid storage location as 

the address of the branch target instruction, the address 

exception condition is not recognized until an attempt is 
made to execute the branch target instruction. 
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*U2 Branch With Execute Instructions 

For every branch instruction, there is a corresponding 

branch with execute for» of the instruction. The instruction 

immediately following a branch with execute instruction is 

called the subject instruction. Whether or not the branch is 

| taken, the subject instruction is executed. The execution 

f of the branch and of the subject instruction is considered 

I as a single unit. If an interrupt occurs at any tine during 

| the execution of the branch and its subject instruction, the 

{ aachine state will be left as if the subject instruction did 

J not execute and the old instruction address will be that of 

I the branch, in interruption during a branch, link, and 

I execute, however, say or »ay not leave the link address in 

( the specified register. 

I Certain instructions are not allowed to follow a branch 

| and execute instruction. These are branch instructions, trap 

I instructions, cache control instructions, and I/O 

t instructions. 



%*3 Instructions 

B&Lft — branch absolute and link 



t 




1 


t 


E6 


1 


t 




f 



t 

Bft | (BA) 



r 

8 31 

The content of register 15 is replaced by the updated 
instruction address, and then the updated instruction 
address is replaced by B&, with its low order bit (bit 23) 
forced to zero. 
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BALAX 



branch absolute and link with execute 







B? 



BA 



8 



r 

31 



(BA) 



The content of register 15 is replaced by the updated 
instruction address increnented by six and set to the 
preceeding fall word boundary, the instruction immediately 
following the branch instruction is executed while the the 
updated instruction address is replaced by BA, with its low 
order bit (bit 23) forced to zero. 



BAH 



branch and link,I-for» 







m 



I \ 

f IB | 

J f. 

8 



BI 



12 



I 

I 

_l 

31 



(BI) 



The content of register RB is replaced by the updated 
instruction address, and then bits 3-22 of the updated 
instruction address are replaced by BI. 



BALIX 



branch and link with execute, I-fora 



1 


1**$ 


1 1 

f BB | 
1 » 







8 12 



BI 



\ 
31 



(BI) 



The content of register RB is replaced by the updated 
instruction address incremented by six and set to the 
preceeding full word boundary, the instruction in«ediately 
following the branch instruction is executed while bits 3-22 
of the updated instruction address are replaced by BI. 
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BALB — branch ana link # l-for» 

m 



* 




i r f 


t 


9H 


I BB | 1C | 


1 




r i t 



O 8 12 15 

The content of register RB is replaced by the updated 
instruction address. The updated instruction address is 
replaced by the content of register BC, with its low-order 
bit (bit 23) set to zero. 



BALKX — branch and link with execute, !-£orm 



t 
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1 SB | 5C } 
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t t 1 



{B> 



8 12 15 



The content of register IB is replaced by the updated 
instruction address incremented by six and set to the 
preceeding full word boundary. The instruction iaaediately 
following the branch instruction is executed while the the 
updated instruction address is replaced by the content of 
register BC, with its low-order bit fblt 23) set to zero. 



BB — branch on bit 



I 




r i 


I 


so 


| BB f 


I 




I f 



r 

BI | (BI> 

I 



8 12 31 

If the condition register bit specified by BB is one, bits 
3-22 of the updated instruction address are replaced by BI. 
If the condition bit is zero, the updated instruction 
address is unaltered, and no branch occurs. 
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BBR — branch on bit, R-for* 



I 
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I BB | 6C t 


*__ 




f I 1 







8 12 15 



If the condition register bit specified by IB is one, the 
updated instruction address is replaced by the content of 
the register specified by RC, and the low-order bit is 

* forced to zero. If the condition bit is zero, the updated 

* instruction address is unaltered, and no branch occurs. 

BBRX — branch on bit and execute, »-fori 



(R) 



I 




I I f 


» 


XX 


f SB | BC t 


I 




1 i 1 



8 12 15 

If the condition register bit specified by IB is one, the 
following instruction is executed while the updated 
instruction address is replaced by the content of the 
register specified by RC, with the low-order bit forced to 

* aero. If the condition bit is zero, the updated instruction 

* address is unaltered, and no branch occurs. 



BBX — branch on bit and execute 



t t I I 

J 11 f R8 J BI | CBIJ 

I I I f 

8 12 31 

If the condition register bit specified by RB is one, the 
following instruction is executed while bits 3-22 of the 
updated instruction address are replaced by BI. If the 
condition bit is zero, the updated instruction address is 
unaltered, and no branch occrs. 
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BEX 



branch, execute and enable 



r * f 
C2 I BE r ec r 

.» » f 



8 



12 15 



(B> 



The instruction immediately following the BIX instruction , 
this following instruction called the subject instruction, 
is executed while the updated instruction address register 
is replaced by the content of the register specified by EC, 
with the low-order bit forced to zero. Upon completion of 
the subject instruction the machine becomes enabled. 



BHB 



— branch on not bit 



* 

t 


E2 


r i 

f IB f 
t t 







8 12 



BI 



» 
31 



CBI) 



If the condition register bit specified by BB is zero, bits 
3-22 of the updated instruction address are replaced by BI. 
If the condition bit is one, the updated instruction address 
is unaltered, and no branch occurs. 



BHBB 



branch on not -bit, B-for» 



XX 
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\ 
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BB 




BC 


r 



12 15 



(B) 



If the condition register bit specified by BB is zero, the 
updated instruction address is replaced by the content of 
the register specified by KC, with the low-order bit forced 

* to zero. If the condition bit is one, the updated 

* instruction address is unaltered, and no branch occurs. 
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BBB8X — branch on not-bit ana execute, R~for» 

m 



i 




! 1 1 
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XX 


f RB | BC f 


r 




I 1 I 



8 12 15 

If the condition register bit specified by BB is zero, the 
following instruction is executed while the updated 
instruction address is replaced by the content of the 
register specified by EC, with the low-order bit forced to 

* zero. If the condition bit is one, the updated instruction 

* address is unaltered, and no branch occurs. 



BHBX — branch on not bit and execute 
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I BB | 
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BI | (BI> 



. t 

8 12 31 

If the condition register bit specified by BB is zero, the 
following instruction is executed while bits 3-22 of the 
updated instruction address are replaced by BI. If the 
condition bit is one, the updated instruction address is 
unaltered, and no branch occurs. 
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5. Traps 



The trap instructions are provided to test for a 
specified set of conditions. If the conditions tested by a 
trap instruction are »et, a trap exception condition is 
I generated* and an interruption occurs. Control is 
| transfered to the special interrupt area associated with 
i trap interrupts (see section 1.4). If the tested conditions 
f are not met, instruction execution continues with the next 
J sequential instruction. Trap instructions say not appear as 
I the subject instruction of a branch with execute. 

The comparisons are performed on operands treated as 2ft 
bit unsigned integers. 

5. 1 Instructions 

TGTI — trap if register greater than iiaaed 



r 
f 
i 
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r i f 
r rb t // i 
i » t 





8 12 16 



r m 



31 

If the content of the register specified by BB is greater 
than the value of the field I, extended on the left with 
eight zeros, a trap exception condition is generated. 

TIT — trap if register less than 



(H> 
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If the content of register RB is less than the content of 
register HC, a trap exception condition is generated. 
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TLTI — trap if register less than immediate 



f Iff \ 

I BD | BB t // t X I (B) 

I I I I I 

8 12 16 31 

If the content of the register specified by IB is less than 
the value of the field I, extended on the left with eight 
zeros, a trap exception condition is generated. 



THE — trap if register not equal 
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If the content of register IB is not egtial the content of 
register !C # a trap exception condition is generated. 



TNSI — trap if register not egnal immediate 
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If the content of the register specified by BB is not egual 
to the value of the field I, extended on the left with eight 
zeros, a trap exception condition is generated. 
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6. Roves And Inserts 

This group of instructions is concerned solely with the 
•ovement of data between registers and with the insertion of 
data from the immediate field of an instruction into a 
register. Except when data is moved or inserted into the 
condition register, none of these instructions alter the 
condition register or generate exception conditions. 



6.1 Instructions 



ICBI 



insert condition bit immediate 
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The condition register bit specified by »B is set egual to 

the low order bit of EC. If the bit specified by BB is a 

reserved or permanent-zero bit, the value of the bit is 
unchanged . 



IPI 



insert prefix im mediate 



1 
\ 
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r 

31 



tm 



The prefix of the register specified 
the eight low order bits of I 
instruction . 



by BB is replaced by 
(bits 2*1-31 of the 



IPIZ 



insert prefix immediate and zero 
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8 12 16 



I 

31 



m 



The prefix of the register specified by BB is replaced by 
the eight low order bits of I (bits 2*1-31 of the 
instruction. The half of the register specified by BB is set 

to zeros • 
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BCOO — aove character zero from zero 
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„ ,1 * 1 



8 12 15 

Char CO of the register specified by IB is replaced by char 
CO of the register specified bj HC. 

HC01 — move character zero from one 



| 89 | BB | RC | (8) 

» i _J i 

8 12 15 



Char CO of the register specified by BB is replaced by char 
C1 of the register specified by BC. 



EC 10 — Rove character one fro» zero 
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Char CI of the register specified by BB is replaced by char 
CO of the register specified by 1C. 



HC11 — move character one fro» one 
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8 12 15 

Char C1 of the register specified by IB is replaced by char 
CI of the register specified by BC. 
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RFC! — move froa condition register 

m 

8 12 t5 

The content of the half of register BB is replaced by the 
content of the condition register. The prefix of register 
BB is set to zeros. 

MfCO — move fro* character indexed by SXO 
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Char CI of the register specified by BB is replaced by char 
CO or char C1 of the register specified by RC, as condition 
register bit SXO is, respectively, zero or one. Char CO of 
I the register specified by BB is set to zero. 

MPC1 — »ove fro* character indexed by SX1 



I III 

I 81 | BB t BC | (B) 

I I I I 

8 12 15 



Char C1 of the register specified by IB is replaced by char 
CO or char C1 of the register specified by BC, as condition 
register bit SX1 is, respectively, zero or one. Char CO of 
I the register specified by BB is set to zero. 
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HFC2 — move fro* character indexed by SX2 
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Char C1 of the register specified by BB is replaced by char 
CO or char Ct of the register specified by 1C, as condition 
register bit SX2 is, respectively, zero or one. Char CO of 
f the register specified by BB is set to zero. 

BFC3 — move fro» character indexed by SX3 
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Char C1 of the register specified by BB is replaced by char 
CO or char CI of the register specified by !C, as condition 
register bit SX3 is, respectively, zero or one. Char CO of 
\ the register specified by EB is set to zero. 

I BFB — sove fron digit 

I 

I ■ 

it III 

II 8C | BB | BC | (B) 

I I __J I I 

10 8 12 15 

I 

I & digit of register BB is selected by bits 22-23 of register 

I BC. This digit is placed in digit »3 of RB and the 

| remainder of BB is set to zero. 



t HFDP — aove froa digit paired 
I 

f - 

I 

II SB | RB | BC | (R> 

I 

I 

I 

I h digit of RB is selected by bits 22-23 of BC. This digit 

| is placed in digit B3 of the twin, in a register pair, of BB 

| and the remainder of the twin is set to zero. 
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BFIA — »ove froit instruction address 

m 

8 12 15 

The content of register IB is replaced by the value of the 
current instruction address, i.e., the location of this 
instruction. 

EFHO — move f roa bq 
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The content of the half of register BB is replaced by the 
content of the hq register. The prefix of register BB is 
set to zeros. 



gyp ~« Botre f roil prefix 
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Char C1 of the register specified by BB is replaced by the 
prefix of the register specified by BC. The prefix and char 
I CO of the register specified by IB is set to zeros. 

BFTB — move fron test bit 
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& particular bit of the half of register BB is set to the 
value of the condition register test bit. The particular bit 
of the half of register BB is specified by the value of 
digit D3 of register BC. 
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8FTBV — «ove f Tom test bit value 
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I The bit of the half of register BB specified by EC is set to 
f the value of the condition register test bit. 

BTCE — kove to condition register 
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f I f 

f // 1 BC | 

1 1 i 







8 12 15 



Those bits of the condition register not reserved and/or 
reguired to be zero are set to the values of the 
corresponding bits of the half of register RC. 



BTCO — nove to character indexed by SXO 



I 




I t 1 


1 


84 


t is i bc r 


r 


i in in i * 


r t i 



(R) 



8 12 15 



Char CO or CI of the register specified by BB is replaced by 

char CI of register BC, as condition register bit SXO is 
zero or one, respectively. 

HfC1 — aove to character indexed by SX1 



I 




i i r 


I 


85 


r bb r »c i 


I 




, t i * 



m 



8 12 15 



Char CO or CI of the register specified by BB is replaced by 
char C1 of register BC, as condition register bit SX1 is 
zero or one, respectively. 
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HTC2 — »otre to character indexed by SX2 

m 



1 




i 1 t 


1 


86 


I IB | BC | 


* 




t i r 



8 12 15 

Char CO or Ct of the register specified by BB is replaced by 
char Ct of register EC, as condition register bit SX2 is 
aero or one, respectively. 

HJC3 — Bove to character indexed by 5X3 



m 



f 




t i r 


\ 


8? 


I BB | IC | 


r 




t .1 * 



8 12 15 



Char CO or CI of the register specified by BB is replaced by 
char CI of register BC* as condition register bit SX3 is 
zero or one, respectively. 



I a f|> — love to digit 
I 

I 

II t I I 

|| 8B | SB | IC | (BJ 

I t_ I I | 

I 8 12 15 



I 

I The digit of register BB specified by bits 22-23 of register 

I BC is replaced by digit J>3 of register BB. 

I HfDP — move to digit paired 
I 

I 



f » Iff 

It 8P | BB | BC | (B) 

I f » I f 

I 8 12 15 

I 

t the digit of the twin, in a register pair, of IB selected by 

I bits 22-23 of BC is replaced by digit D3 of register BB. 
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BTHQ — »o*e to BQ 



f i r i 

r c5 i // r »c i m 

l_ I _l I 

8 12 15 



The content of the 10 register is replaced by the half of 

register 1C. 



MTF — move to prefix 



1 




i I f 




t 


93 


| 18 [ BC ( 


(R) 


1 




» i, .„ i 





8 12 15 

the prefix or the register specified by SB is replaced by 
char CI of the register specified by EC. 



J HTTB — move to test bit 
t 



I II! 

1 »8 f BB | EC | <B) 

!___ I I I 

8 12 15 



The condition register test bit is set to the value of a bit 
| of the half of register RB. This bit is specified by digit 
I B3 of register EC. 



| MTTBV — »ove to test bit valne 

I " c 



I III 

| D& | EB | 8C | (B> 

I t I I 

8 12 15 



The condition register test bit is set to the value of a bit 
of the half of register RB, this bit specified by RC. 



IBH CGHFIDEKTIIL 76.1. IS 



ARITHMETIC IHSTRBCTIOMS Page 39 



7* Arithmetic 



The arithmetic operations, with the exception of the 
decimal operations Add Decimal and Subtract decimal, treat 
registers as consisting of a sign bit followed by 23 integer 
bits. On these operations, the LT, EQ, and GT bits in the 
condition register are set to reflect the result: LT is set 
to one if the result has a negative sign, EQ if the result 
is zero, and ST if the result has a positive sign and is not 
zero. Condition register bit CO is set to reflect the carry 
out of bit position zero and Ct the carry out of bit 
position eight. The overflow latch, OV, is set to one if the 
carry out of bit position one is not egual to the carry oat 
of bit position zero. The summary overflow bit (SOJ is set 
to the OB of the new value of OV with the old value of OV. 

The extended operations use the value of the Ct bit to 

* determine the result. The extended add instructions, KE and 

* KBX, add the value of the Ct bit to the sum of the two 
operands to determine the result. In the extended subtract 

* instructions, SE and SEI, the value of the first operand is 
added to the complement of the second operand and to this 
result is added the value of the Ct bit to determine the 



7.1 Instructions 
I i — add 

m 

8 12 15 

The contents of registers RB and RC are added and the result 
placed into register RB. Condition bits LT, EQ, GT, CO, C1, 
OV, and SO are set. 



I 




» t \ 


I 


AA 


f rb r rc I 


r 




* 1 , * 
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IBS — absolute value 

(R) 



i 




r * t 


1 


XX 


| B6 |BC ! 


» 




t 1 I 



8 12 15 

The content of register BB is replaced by the absolute value 
of the content of register RC. Condition bits LT, EQ, GT, 
Of, and SO are set. 



D 




add decimal 


r 
i 


a9 


f » ( 
| BB f RC J 

r t i 



<R> 



12 15 



The two-digit decimal number in the low-order byte of the 
register specified by the second operand, augmented by the 
value of the condition register CO bit, is added to the 
two-digit decimal number in the low-order byte of the 
register specified by the first operand. The result replaces 
the low-order byte of the register specified by the first 
operand, while the high-order bytes of this register remain 
unaltered. 

The condition register bit CO is set to one if a carry 
results from the operation, otherwise it is set to zero. 
The condition register bit £Q is set to one if both digits 
of the result are zero, otherwise it is set to zero. 

If any digit is an invalid decimal digit; i.e. X'A, B, C, 
B, 1, or F f , the operation is suppressed, and the condition 
register decimal-exception -latch, BX, is set to one. 
Otherwise this latch is set to zero. 

Condition register alterations: 
BX, EQ, CO 
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| IE 



E 




add extended 


i 


AB 


I f » 
| IB | BC | 

r i i 



8 



12 15 



(B) 



The content of register KB, the content of register EC, and 
the value of condition bit CI are sunmed and the result 
placed into register RB. Condition bits X.T, EG, GT, CO* C1 r 
Of, and so are set. 



t All 



— add extended iniediate 



1 
1 
f 


FB 


i i t 

t BB | EC | 

I I r 





8 12 16 



r 
_ r 

31 



(D> 



The field I, extended on the left vith eight zeros, the 
contents of register RC, and the value of condition bit CI 
are sunsed and the result placed in register BB. Condition 
bits IT, 10, GT, CO, CI, OV, and SO are set. 



{ AI 



add immediate 



I 
1 


FA 


i i r 

f BB | BC | 
I 1 I 





8 12 16 



r 
i 

31 



m 



The field I, extended on the left with eight zeros, is added 
to the contents of register BC and the result placed in 
register BB. Condition bits LT, BQ, 6T, CO, CI, 0¥, and SO 
are set. 
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I C — compare 

m 



1 




i t r 


1 


CB 


I BB | IC | 


1 




1 I 1 



8 12 t5 

The contents of registers RB ana RC, both treated as 24 bit 
signed integers, are compared. Condition bits IT, EQ, and GT 

* are set according to how the value of register RB relates to 

* that of register RC 

Ci — compare immediate 



1 




i r i 


1 


EB 


\ eb j // r 


t 




i t i 



r 
i 



8 12 16 31 

The content of register SB is compared to field I, extended 
on the left with eight zeros. Condition bits MP, EQ, and GT 

* are set according to how the value of register RB relates to 

* that of register RC. 



BS — divide step 



I I f I 

t B9 J RB f RC f (R) 

I I t I 

8 12 15 



The content of register IC is added to or subtracted from 
(register RB) 1 I (bit of BQJ depending on whether the signs 
of registers RB and IC disagree or agree. The 24 low order 
bits of the sum replace register RB- The HQ is shifted left 
one position and bit 15 of the rq is set to 1 if and only if 
S# the sign of the result, eguals the sign of register IC. 
Condition bits CO and 0¥ are sets C0=(RC(bit 0)=S) and 
o?=(RB(bit 0>=SJ . 
Rote: Condition bit SO is unaffected by this instruction. 
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mTS — extend sign 

m 



1 




I 1 f 


1 


XX 


I IB | K | 
» * 1 







8 12 15 



The content of the half of register BB is replaced by the 
half of register BC. Bits - ? of register RB are set to 
egnal bit 8. Condition bits IT, EQ, and 6T are set. 



US — multiply step 



1 




r » r 


1 


BS 


I R6 | BC | 


r 




1 1 n I 



(R) 



12 15 



The incomplete product of register RC and bits 14-15 of the 
Bfi are formed in (register BB)|tBQ. A 26~bit sum is formed 
in accordance with the following table: 



{Condition) 


m 


1 


HQ 


ft 


Algebraic 


I 


I Bit CO 


1 


Bit 14 


1 


Bit 15 


If 


Sam 


I 


* 


1 




f 




fl 
ft 


(RB) + (RC) 


» 


t 


1 





I 





\ 


t o 


» 





t 


1 


II 


(IB) +2 |SC> 


f 


\ o 


r 


1 


1 





II 


(RB)~{RC) 


I 


t o 


r 


1 


1 


1 


II 


{RB) +0 


I 


1 1 


i 





1 





ft 


{RB)+0 


f 


1 1 


i 





1 


1 


II 


(RB) + (EC) 


I 


I 1 


t 


1 


f 





n 


(RB) -2 (RC) 


r 


I 1 


I 


1 


, I 


1 


H 


(RB)-fRC) 


r 



The HQ is algebraically shifted right two positions, with 
the two low order bits of the sn» replacing bits 0-1 of the 
HQ. Register RB is replaced with the 24 high order bits of 
the snm. Condition register bit CO is set to -»bit 14 of the 
HQ (before shift) . 
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f S — subtract 

(B) 



f 




i i r 


I 
I 


AB 


| BB | SC | 
» * • 



8 12 15 

The content of register BC is subtracted fro* the content of 
register BB and the result placed into register BB. 
Condition bits LT, 1Q, 6T, CO, CI, Of, and SO are set. 
J Bote: if BB=8C, the contents of this register is set to zero 
| and bit CO of the condition register is set to one. 



SB — subtract deciaal 



t 


&B 


1 

t BB 

1 


1 1 

t BC f 







8 


12 15 



(B) 



The two-digit decisai nusber in the low-order byte of the 
register specified by the second operand, augmented by the 
inverse of the condition register bit CO, is subtracted froi 
the two-digit decisai number in the low-order byte of the 
register specified by the first operand. The result 
replaces the low-order byte of the register specified by the 
first operand, while the high-order bytes of this register 
are unaltered. 

The condition register bit CO is set to zero if a •borrow* 
was required to perfom the subtraction, otherwise it is set 
to one. The condition register egual-latch EQ is set to zero 
if both digits of the result are zero, otherwise it is set 
to one . 

If any digit is an invalid decisai digit; i.e. X»2k, B, C, 

B, E, or P», the operation is suppressed, and the condition 

register deci»al-exception-latch BX is set to one. Otherwise 
this latch is set to zero. 

condition register alterations: 
BX, EQ, CO 
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I SB 



subtract extended 



f I t 

AF ! IB | SC f 

1 I I 







8 



12 15 



(B) 



The complement of register BC is added to the content of 
register RB to which result is added the value of condition 
bit CI and the result placed into register BB. Condition 
bits IT, EQ, GT, CO, CI, OV, and SO are set. 



| SSI 



subtract extended iaeediate 



r r I 

XX J BB J BC I 

.1 t l_ 

8 12 16 



r 
i 

31 



P> 



The field I, extended on the left with eight zeros, is 
coffilewented and added to the content of register RC to nhich 
result is added the value of condition bit CI and the result 
placed in register IB. Condition bits IT, EG, GT, CO, C1, 
01, and SO are set. 



I SFI 



subtract f roi inaediate 



t 




i 1 1 




XX 


I BB I BC | 

r i i 







8 12 1 



I 

I 

31 



m 



The content of register BB is replaced the by content of the 
register specified by RC subtracted fro* I. For the 
subtraction, I is extended on the left with eight zeros. The 
condition bits LT, £Q, GT, CO, CI, o?, and so are set based 
on the result. 
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r SI 



— subtract immediate 



r 
f 
* 


XX 


i r 

t BB » 1C 

1 1 

8 12 


t 
1 
1 





16 



r 

* 

31 



m 



The content of register RE is replaced by I subtracted from 
the register specified by EC- For the subtraction, I was 
extended on the left with eight zeros. Condition bits IT, 
ST, CO, CI, 0?, and SO are set based on the result. 



TPO 



-- test prefix for overflow 



1 




r t f 


r 


XX 


I IB t EC f 


i 




r i t 



8 



12 15 



The content of register RB is replaced by the content of 
register EC. If any of bits - 7 do not egual bit 8 ( the 
sign bit J of register BB, then set 0? and SO of the 
condition register to one; else set OTT to zero. 
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8. Logical Operations 

The logical operations treat registers as 24 bit 
unsigned integers. The exception is the instruction Count 
Leading Zeros, CLZ, which is applied to the half of a 

* register, i.e., the 16 low-order hits. The logical 

* operations that set the LT, EQ# and 6T bits of the condition 

* register according to the result do so according to the 

* algebraic value of the result. If the result is a negative 

* value, LT is set to one; if it is zero, EQ is set to one; or 

* if it is positive and not zero, GT is set to one. 



8.T Instructions 
t CL — compare logical 



1 




i i ! 


I 


CA 


I IB | BC | 


r 




t 1 I 



8 12 15 

The content of register IB is coapared with the content of 
register RC. Both conparands are treated as 24 bit unsigned 
guantities. Condition register bits LT, EQ, GT, CO and C1 

* are set. LT, EQ, and 6T are set according to how the value 

* of register RB logically relates to that of register SC. CO 
is set to one if the CO characters in both comparand s are 
egual, else it is set to zero. CI is set to one if the C1 
characters in both coeparands are equal, else it is set to 
zero. 



CLI — compare logical iaaediate 



1 




t t t 


» 


B& 


r bb i // t 


1 




I I 1 



f 
r 



8 12 16 31 

The content of register RB is coapared with field I, 
extended to the left with 8 zeros. Both contparands are 
treated as 2ft bit unsigned guantities. Condition register 

* bits LT, EQ, GT, CO and C1 are set. LT, EQ, and GT are set 

* according to how the value of register RB logically relates 

* to that of register 1C. CO is set to one if the CO 
characters in both comparand s are egual, else it is set to 
zero. CI is set to one if the C1 characters in both 
Gonparands are egual, else it is set to zero. 



IBH COKFIBESTIAL 76.1.16 



8. LOGICAL OPERATION IHSTBOCTIORS Page 48 
CLZ — count leading zeros 

m 



t 




r i ? 


r 


9F 


| BB | BC { 


t 




F t 1 



8 12 15 

The content of the register specified by RB is replaced by 
the binary representation of the number of leading zeros in 
the half of the register specified by 1C (i.e. The nnaber of 
zeros to the left of the left-most one-bit of the half of 
register BC> . 



I r — and 



1 




f f t 


1 


BC 


f BB | BC f 


l_ 




r i i 







8 12 15 



m 



The "and* of the contents of the registers specified by EB 
and EC replace the content of the register specified by RB. 
Condition bits LT # EQ, and ST are set according to the 
result . 

SI — and immediate 



1 




1 f J 


t 


FC 


| SB | BC | 


f 




* 1 » 



r 
a 



Q 8 12 16 31 

The *and«* of field I, extended to the left with 8 zeros, and 
of the content of register EC replaces the content of 
register RB. Condition register bits IT, EQ, and 6T are set. 
The connective "and* is applied bit by bit. 
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I — or 

j r 

(R) 



r 




f i r 


i 


BD 


I W | BC I 


r 




1 1 1 







8 12 15 



The "or* of the contents of the registers specified by RB 
and IC replace the content of the register specified by RB. 
Condition bits LT, £Q, and GT are set according to the 



result . 

01 — or immediate 



I I I I i 

\ FB J RB J RC | I f {J>\ 

i r i i r 

8 12 16 31 

The »or» of field I, extended to the left with 8 zeros, and 
of the content of register HC replaces the content of 
register RB. Condition register bits Lf f BO, and GT are set. 
The connective »or» is applied bit by bit. 



«. 




exclusive or 


1 
I 
» 




BB 


1 i 1 

I RB I IC J 

I If 

8 12 15 



(R> 



The "exclusive or 1 * of the contents of the registers 
specified by RB and RC replace the content of the register 
specified by RB. Condition bits LT, BQ, and GT are set 
according to the result. 
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XI — exclusive or immediate 



1 




f f I 


I 


PE 


| IB | IC | 


I 




• » i 



! 



8 12 16 31 

The ^exclusive or* of field I, extended to the left with 8 
zeros , and of the content of register IC replaces the 
content of register IB. Condition register bits IS, BQ, and 
GT are set. The connective exclusive or is applied bit by 
bit. 
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t 9. Shifts 



I Shift instructions operate either on 24 bits or on t6 
| bits (a half) . The instructions shift a distance of from 
| to 15 bits either left or right. All shifts set the 
\ condition register to indicate if the value returned to the 
t register is zero, positive, or negative. ill except the 
{ algebraic right shift are logical in their treatment of the 

* value shifted. On all left shifts, zeros are supplied to 

* the vacated lov order positions. 



f 9.1 instructions 



| HSLI — and, then shift left i»»ediate 
I 



* _ . 

t i iii r 

l \ F4 | BB | ftC f I J (D> 

t t 1 I J I 

10 8 12 16 31 

I 

I The "and" of field I, extended to the left by eight zeros, 

J and the contents of register IB is shifted left the number 

| of bits specified by BC and replaces the content of register 

| BB. Condition bits LT, 1Q, and GT are set. 

| SSbPI — and,then shift left paired inaiediate 

i 

I 



I I lit I 

r r f5 [ bb i ec i r r (d> 

i t_ » r i i 

10 8 12 16 31 

? 

| The "and" of field I, extended to the left by eight zeros, 

t and the contents of register BB is shifted left the number 

I of bits specified by BC and replaces the contents of the 

» twin (in a pair) of register BB. Condition bits LT, EQ, and 

I GT are set. 
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i HSfil 

I 

I 

t 



and, then shift right immediate 



F6 



RB 



8 



t 

» 

J— 
12 



r 
rc r 
i. 



16 



f 
31 



(B) 



| The *and» of field I, extended to the left by eight zeros, 
I and the contents of register RB, shifted right the number of 
I bits specified by RC, replaces tbe contents of register RB. 
I Condition bits LT, EQ, and GT are set. 



t BSRPI 

I 

\ 

\ 



F7 



and, then shift right paired immediate 



RB 



I 
I 

12 



bc r 



16 



31 



(D) 



by eight zeros, 
ricrht the number 



The "and* of field I, extended to the left 

and the contents of register IB is shifted 

of bits specified by RC and replaces the contents of the 

twin (in a pair) of register RB. Condition bits IT, EQ, and 

GT are set. 



t S&R 

i — 
( I 
t I 

I 

I 
! 
I 
t 

I 
I 
\ 



A2 



shift algebraic right 



RB 



8 



RC 



(S) 



12 15 



The contents of register RB (bits 0-23) is shifted right the 
number of bit positions specified by digit B3 of register 
EC. Bits egual to the original sign bit {bit 0) are 
supplied to the vacated high order positions. Condition 
bits IT, EQ, and GT are set. 
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I S&RI — shift algebraic right immediate 

I 

r 



r r tit 

If B2 | 8B f BC f (R) 

I I _l I I 

10 8 12 15 

I 

| The contents of register BB (bits 0-23) is shifted right the 

f rnisber of positions specified by EC. Bits egnal to the 

I original sign bit #*it 0} are supplied to the vacated high 

| order positions. Condition bits LT, BQ, and GT are set. 



f SHL — shift half left 
I 

I 

II til 

II XI | IS | BC | (B) 

I t__l I I 

10 8 12 15 



1 

I the content of the half of register BB (bits 8-23) is 
| shifted left the nonber of bit positions specified by digit 
I B3 of register RG. Zeros are supplied to the vacated low 
| order positions. The prefix of the result is set to zero. 
I Condition bits LT, Eg, and GT are set. 



I SIX I — shift half left i»»ediate 
I 



I 

ft f f I 

If XX » RB f KC I (B> 

I I I I I 

10 8 12 15 

I 

f The content of the half of register IB (bits 8-23) is 

* shifted left the ni»ber of bit positions specified by EC. 

| Zeros are supplied to the vacated low order positions. The 

| prefix of the result is set to zero. Condition bits LT r EG, 
I and GT are set. 



IBS COHFIBEHTHL 76.1.16 



9. SHIFT ISSTRtJCTIOBS Page 5H 



1 SHLP — shift half left paired 

I 

t 



I I f I ! 

{ { XX | SB ( BC ! (B) 

t i r t i 

10 8 12 15 

I 

I The content of the half of register IB (bits 8-23) is 

f shifted left the nuiiber of bit positions specified by digit 

I B3 of register EC. Zeros are supplied to the vacated low 

t order positions. The prefix of the result is set to zero 

I and the result is stored in the twin, in a register pair, of 

I RB. Condition bits IT, EQ, and 6T are set. 

f SBLPI — shift half left paired i»«ediate 
I 

I 



It III 

If XX I BE I BC f (R) 

I I 1 I I 

|0 8 12 15 

I 

| The content of the half of register BB (bits 8-23) is 

* shifted left the number of bit positions specified by BC. 

| Zeros are supplied to the vacated low order positions. The 

f prefix of the result is set to zero and the result is stored 

I in the twin, in a register pair, of BB. Condition bits IT, 

I BQ, and 6T are set. 



f S8B — shift half right 
I 

I 

II lit 

If XX I RB t BC | (8) 

I I t I I 

1-0 8 12 15 



r 

t The content of the half of register BB fbits 8-23) is 
I shifted right the number of bit positions specified by digit 
| B3 of register BC. Zeros are supplied to the vacated high 
f order positions. The prefix is set to zero. Condition bits 
I IT, EQ, and 6T are set. 



IBB COHFIDESTIAL 76.1.16 



SHIFT IHSTRUCTIOHS Page 55 



* SBRI — shift half right iamediate 
I 

* 



tf r f i 

It XX I BB I 8C I (B) 

i r i i i 

tO 8 12 15 
I 

| The content of the half of register KB (bits 8-23) is 
* shifted right the number of bit positions specified by 1C. 
I Zeros are supplied to the vacated high order positions. The 
| prefix is set to zero. Condition bits IT, EQ, and GT are 



I SHKP — shift half right paired 

I 

I 

» r tit 

If XX I IB I BC I (R) 

r i r i i 

|0 8 12 15 



r 

I The content of the half of register RB (bits 8-23J is 

J shifted right the number of bit positions specified by digit 

I D3 of register EC. Zeros are supplied to the vacated high 

| order positions. The prefix of the resalt is set to zero 

r and the result is stored in the twin* in a register pair, of 

I BB. Condition bits LT # BQ, and GT are set. 



I SBRFI — shift half right paired immediate 
I 



t 

If (If 

It XX I RB | EC I (E> 

I I I I f 

|0 8 12 15 

I * 

I The content of the half of register RB (bits 8-23) is 

* shifted right the number of bit positions specified by EC. 

| Zeros are supplied to the vacated high order positions. The 

I ptefix of the result is set to zero and the result is stored 

t in the twin, in a register pair, of RB. Condition bits LT, 

f BQ, and GT are set. 
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I SI — shift left 
I 

I 

» f 1)1 

II IH | IB | 8C | (H) 

I ! I I I 

| 8 12 15 

I 

| The content of register RR is shifted left the number of bit 

j positions specified by digit D3 of register RC. Zeros are 

j supplied to the vacated low order positions. Condition bits 

f IT, BQ, and GT are set. 



\ SLI — shift left immediate 

I 

r , 



r i lit 

| | B4 I BB | RC | (R) 

r i r i i 

r 8 12 15 

I 

J The content of register IB is shifted left the number of bit 

\ positions specified by RC. Zeros are supplied to the vacated 

I low order positions. Condition bits LT„ EQ* and ST are 

J set. 



j SLP — shift left paired 

i . ; 

it itt 

It £5 ( SB | EC i (R) 

r i i i i 

r 8 12 15 

I 

( The content of register RB is placed in its twin {in a pair) 
t and the content of this register is shifted left the number 
| of bit positions specified by digit B3 of register RC. Zeros 
t are supplied to the vacated low order positions. Condition 
f bits LT, EQ, and ST are set. 
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f SLPI 

I 

f 

f 

r 
r 
i 



B5 



shift left paired immediate 



SB 



RC 



3 



i 

j i 

12 15 



(1) 



The cob tent of register IB is placed in its t*in (in a pair) 
and the content of this register is shifted left the number 
of hit positions specified by RC. Zeros are supplied to the 
vacated low order positions. Condition bits IT, 1Q, and ST 



i 
t 

i 
i 
i 
» 
» 
* 
i 
i 
r 
r 



SB 



shift right 



f lit 

I AG | KB | EC | 

i r i i 

8 12 15 



m 



The content of register 

bit positions specified 

are supplied to the vacated high order positions 

bits LT, EG, and GT are set. 



IB is shifted right the number of 
by digit B3 of register BC. Zeros 

Condition 



SBI 



fil 







shift right immediate 



BB 



bc r 
r 



8 



t 

t 

.1. 

12 15 



m 



The content of register IB is shifted right the number of 
bit positions specified by RC. Zeros are supplied to the 
vacated high order positions. Condition bits IT, £Q, and ST 

HJT€£ «E£€nt • 
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1 1 1 


i 


BO 


( EB | EC | 


i 




I.I 1 
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SEP — shift right paired 

m 

8 12 15 

The content of register RB is placed in its twin (in a pair) 
and the content of this register is shifted right the nniiber 
of bit positions specified by digit B3 of register SC. Zeros 
are supplied to the vacated high order positions. Condition 
bits LT, £Q # and GT are set. 



I SKPI — shift right paired immediate 

I 

I 



II III 

| t E1 | SB | SC | (B) 

I t I I I 

I © 8 12 15 

I 

t The content of register EB is placed in its twin (in a pair) 

f and the content of this register is shifted right the na»ber 

t of bit positions specified by SC. Zeros are supplied to the 

| vacated high order positions. Condition bits LT, EQ and GT 

I are set. 
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10. Systei Control 

I 10.1 locking 

f locking control is provided to support the use of a 

i special disable state of the processor as a lock. In the 

I uniprocessor version* there is exactly one such lock, which 

t is seized by the Lock instruction and released automatically 

J 16 Machine instruction executions later. This systei lock 

| can be used to protect short critical paths or to protect 

I the implementation of a acre complex discipline (such as 

| semaphores) for longer critical regions. The lock has the 

I effect of defering external interrupts independtly of the 

I current enable state of the machine. Thus, during a locked 

J critical path, the machine can be enabled or disabled as 

t necessary. However, external interrupts will be defered. 

I Ihen the lock is released, interrupts will again be 

I controlled by the enable state, h defered interrupt will be 

I taken only if the processor is enabled when the lock is 

I released. 

J If this mechanism is extended to a multiprocessor 
I system, the use of a single lock to protect all short 
I critical regions may cause excessive blocking. If this is 
f the case, the lock instruction can be provided with a 
\ parameter which is interpreted as a critical section or lock 
| ID. Critical sections will then be mutually exclusive only 
I if they are protected by the same lock ID. k given processor 
\ can only seize one lock ID at a time. &n attempt to seize a 
t second lock (with the same or a different ID) will cause the 
{ current lock to be released and the processor enabled for 
J pending interrupts (unless it is in the disabled state 
| independent of the lock mechanism) . Only then will the new 
J lock be seized and the processor disabled for a new 16 
I instruction period. 

{ 10.2 Cache Control Operations 

t The 801 processor is organized to allow independent 

I memory access for data and instructions. Each access path 

I lay be served by an independent cache. The effects of these 

I caches on program execution (other than to improve 

f performance) occnrrs only in special circumstances, 

f Particularly, modifications to main memory by I/O paths must 

I not be assumed to be reflected to the processor, since the 

J areas affected may already be copied in either or both 

| caches. Modifications to memory by the processor may not be 

I reflected in subsequent instruction or I/O access to main 

f memory, since the updates may be buffered in the data access 

I cache for an indeterminate period of time. This buffereing 

I can affect both read and write I/O accesses. Beads can be 

f changed if a buffered modification to the target area of the 

I read is accoaplished after the read has completed. Writes 
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I will transmit the wrong values if buffered modifications 

t have not been accomplished. (It should be stressed that the 

f 601 architecture allows for indeterminately long delays 

If between store instructions and the actual modification of 

I main memory.) 

I The cache control instructions are provided to allow 

| program control of the relationship between main memory and 

I the caches. These instructions deal with cache lines which 

( are implementation defined. In the current implementation, 

J lines of both data and instructions are 32 bytes long on 32 

( byte boundaries. The data cache does not attempt to update 

t main memory until a line which has been changed must be 

jf removed to make room for a new line. 

I It is likely that details of the cache will be model 

t dependent, and may even be changed in the prototype. Thus 

f all cache control algorithms should be designed and packaged 

t in a way which makes response to such changes reasonably 

1 easy* At the very least, the line sizes of the instruction 

| and data caches should be reflected as independent symbolic 

f constants in each routine which issues cache control 

f operations or aligns data on cache line boundaries. (It is 

I probably safe to assume that each line size is a power of 

j two and that the lines are aligned in memory with respect to 

f their own size.) 

I TO. 3 Instructions 
BI — disable 



(R) 

8 12 15 

The cpu is disabled for any interruptions due to an external 
interruption condition. 



1 




I 




i 




i 


* 


B1 


I 


// 


t 


// 


r 
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H 



enable 



r 




f 




I 




r 


r 


DO 


\ 


// 


r 


// 


t 


» 




f 




» 




r 



8 



12 IS 



(R) 



Tie cpu is enabled for interruptions due to an external 
interruption condition. Onless a lock is in force, a 
pending external interrapt will cause an immediate processor 
interrupt after ESABLE. (Engineering note: Care must be 
taken that an enable followed immediately by a DIS&BI.E, 
LOCK, 108, or IOI instruction works correctly.) 



t IHDCL 

I 

I 

r 

» 
r 
I 

I 
I 



invalidate data cache line 



XX 



r t 
i // i 
.i r. 



BC 



m 



o 



8 



12 15 



If a previously fetched copy of the line containing the byte 
aadressea by the contents of register BC exists in the aata 
I cache, that copy is (logically) replaced by the current 
( value of that line in main storage (no actual fetch from 
I main storage is implied) . f his instruction can be used 
I after the write into main storage of data from a direct 
I memory attachment, to guarantee that the values received 
I will be the ones seen by subsequent accesses, yhis 
i instruction can also be used to suppress storing dead 
| temporary values back into main storage from the data 
\ cache . 
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I ISICL — invalidate instruction cache line 

* 

I 



It III 

II D2 | // | £C | m 

r i f i r 

10 8 12 15 

I 

| If the instruction cache has a cop? of the line containing 

| the word addressed by the contents of register 1C, that copy 

| is abandoned. Thus previous updates to that line which are 

| reflected in main storage (see the Store Data Cache tine 

| instruction) irill be reflected in subsequent execution. If 

I the line addressed by this instruction is the line currently 

| addressed by the Instruction Address Register or the line 

I following, the results are unreliable. This instruction can 

I be used in conjunction with the STDCL instruction to 

I synchronize the creation or modification of program text 

| with the subsequent execution of this new program text. 

LOCK — establish lock 



till f 

I E8 | // | RC | I » (D) 

i __i i i_ r 

8 12 16 31 

I 

I If the processor holds a lock it is released. (If the 

I processor is enabled, pending interrupts are taken. The old 

I instruction address (IA> for such interrupts will be the 

| lock instruction). In a uniprocessor, a new locked state is 

{ then enterred. This lasts for 16 instructions or until 

I another lock instruction is executed within these 16 

t instruction executions. 

I In a multiprocessor, 0/RC * I is interpreted as a 2«* bit 

I lock ID. If this lock is available, it is seized and the 

| lock proceeds as in a uniprocessor. If the lock lb is 

| unavailable, the lock instruction is retried. This retry 

I includes accepting pending interrupts if the processor is 

I enabled. The program may assume that the multiprocessor lock 

| manager is fair. (A processor waiting for a lock will 

| eventually get it no matter what other processors are 

I doing .) 
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STDCL — store data cache line 



I I I I 
| C8 | // | BC | 

t_ i r i 

8 12 15 



m 



If a data cache or other 
stores is installed r it 



■echanisB that buffers or delays 
is searched to see if a pending 
J update to the line containing the byte addressed by the 
I contents of register fiC exists. If a pending update is 
t found, it is performed. The line nay be retained in the 
t cache for later use. 



23 OP 



zero-ti»e no-op 



1 




i i r 


I 


D3 


i // i // » 


I 




i i t 







m 



12 15 



Ho operation is performed. If the address of this 
instruction is an odd half -word, and if the instrnction is 
encountered in norital sequential instruction execution (as 
opposed to being the target of a branch* , it appears to be 
executed in zero ti»e. Hore precisely, the next following 
instruction is executed during the CPU cycle that would 
noraally be taken for the execution of this instruction; 
hence the appearance of zero-tine execution. 
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11- Input/Output Control 

* The input/output instructions form a 2ft bit 

* address/command field by replacing the high order bit of the 

* 2ft bit sun of I and 0/(lC) with for an IOB or 1 for an 

* IOW, and then transfer this command/address field to the 

* adapter selected by this field- This field has the following 

* format; 

* 



* I I I t t 

* |1( Aft fCF| BftC t 

* I -J i I * 

* 1 6 8 23 

* where bit X represents a read or write. Aft is a 5 bit field 

* selecting an adapter, and the 2 bit CF field and 16 bit SIC 

* field contain control information of a form specific to the 

* selected adapter, control unit, and device. 

* ft complete description of the I/O structure, program 

* architecture, and functional characteristics, appears in 

* th$e "801 I/O Subsystem Definition" document. 

11.1 Instructions 



101 — input-output read 



lilt f 

| F0 r BB { EC | I | (B> 

* » t i r 

8 12 16 31 

* 

* ftn attempt is made to transmit t6 bits from the I/O adapter 

* selected in the command/address field formed from 0/(KC> ♦ I 

* into the half of register IB, setting the prefix of register 

* BB to zeros- If the selected adapter can accept the 

* command, the I/O Busy bit of the condition register is set 

* to zero. If the adapter cannot accept the command, the I/O 

* Busy bit is set to one. 
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IOSI — input-output write 



f r r t r 

f F1 I SB f BC i i r {»} 

t r i t i 

8 12 16 31 

* 

* In atteapt is sade to transmit the half of register RB to 

* the I/O adapter selected in the command /address field formed 

* £ro« 0/{EC) * I. If the selected adapter can accept the 

* coimand, the I/O Busy bit of the condition register is set 

* to zero. If the adapter cannot accept the command, the I/O 

* Busy bit is set to one. 
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CODE BHI 




1 
2 
3 

5 

6 

7 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

81 

8B 

SC 

SB 

8E 

8P 

90 

91 

92 

93 

9«i 

95 

96 

97 

98 

99 

91 

9B 

9C 

9D 

9E 

9F 

10 

11 

12 

13 

15 
16 
17 
18 
19 
11 



TIPE SECTION IHSfROCTIOB 



BPCO 

BPC1 

»FC2 

KFC3 

BTCO 

BTC1 

MTC2 

KTC3 

BCOO 

BC01 

HC10 

BC11 

HFB 

HFBP 

MTB 

HTBP 



BFP 
MTP 
B1X.B 

B1LRX 



cxz 

SB 

SKI 

SIB 

SI 
SIP 



IB 
1 



m 
m 
m 
m 
m 
m 
m 

CR) 

m 
m 
m 
m 
m 
m 



m 
m 

m 



6: move 
6:aove 
6;aove 
6:*ove 
6:»ove 
6:*ove 
6:»ove 
6:sove 
6;*ove 
6t*ove 
6tmove 
6;»oire 
6:stove 
6:aove 
6:* ore 
6:«o»e 



6saove 
6:»ove 
4:brnch 
4 :brneh 



(R> 8 :logic 

(R) 9sshift 

<R> 9:shift 

(R> 9;shift 



tore fro* character indexed by SXO 
•ore fro* character indexed by 5X1 
move fro* character indexed by SX2 
love from character indexed by SX3 
note to character indexed by SXO 
move to character indexed by SX1 
»ove to character indexed by SX2 
noire to character indexed by SX3 
love character zero fro* zero 
sore character zero fro* one 
Move character one fro* 2ero 
sove character one fros one 
*ove from digit 
move fro* digit paired 
»ove to digit 
move to digit paired 



sove fro* prefix 

*ove to prefix 

branch anfi linfc r B~for» 

branch and link with execnte,R~for* 



connt leading zeros 
shift right 

shift right ittsediate 
shift algebraic right 



(B) 9:shift shift left 

(R) 9;shift shift left paired 



(R) 7iarith add decimal 
(B) 7:arith add 
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&B 


IB 


(S) 


7:arith 


add extended 


AC 










AD 


SB 


(fi> 


7 ja rith 


subtract decimal 


AB 


S 


(B) 


7sarith 


subtract 


AF 


SE 


m 


7:arith 


subtract extended 


BO 


SRP 


m 


9sshift 


shift right paired 


Bl 


SIPI 


m 


9sshift 


shift right paired imaediate 


B2 


SABI 


(B> 


9 :shif t 


shift algebraic right iaaediate 


S3 










B<t 


SLI 


m 


9:shift 


shift left iaaediate 


B5 
B6 
B7 


SLPI 


(S) 


9:shift 


shift left paired Iaaediate 










B8 


MS 


(i) 


7:arith 


multiply step 


B9 


DS 


m 


7:arith 


divide step 


BA 










BB 










BC 


S 


m 


8 si ogic 


and 


BB 





m 


8:1 ogic 


or 


Bl 


X 


<R> 


8 ;1 ogic 


exclusive or 


BF 










CO 










CI 










C2 


BEX 


m 


*:brnch 


branch, execute and enable 


C3 










Cft 


BTCB 


m 


b:aove 


love to condition 


C5 


BTBQ 


m 


6:aove 


move to MQ 


C6 










C7 










C8 


STBCL 


(RJ 


10;sys 


store data cache line 


C9 










CA 


CL 


m 


8:1 ogic 


coapare logical 


CB 


C 


m 


?:aritb 


compare 


CC 










CB 










CB 










CF 










DO 


EI 


(R) 


10:sys 


enable 


Bl 


Bl 


(R) 


lOssys 


disable 


B2 


IHICL 


(R) 


10:sys 


invalidate instruction cache line 


D3 


ZKOP 


m 


10:sys 


zero-tiae no-op 


m 


HFCB 


m 


6:aove 


aove froa condition 


B5 


BFMQ 


(i) 


6:aove 


sove fro a HQ 


B6 










D7 


MFTB 


(R) 


6:aove 


aove fro* test bit 


BB 


STTB 


(R> 


6:aove 


aove to test bit 


D9 


»FTB¥ 


(R) 


6 :a ove 


aove froa test bit value 


DA 


8TTBV 


(B) 


6:aove 


aove to test bit value 


BB 










DC 


ICBI 


(*> 


6:aove 


insert condition bit iaaediate 


BB 










BE 










DF 










EO 


BB 


(Bl) 


4:brneh 


branch on bit 
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Bl 


BBX 


(BI) 


ft rbrnch 


12 


BUB 


(BI) 


4tbrnch 


E3 


BHBX 


(BI) 


4 ;brnch 


B4 


BALI 


(BI) 


4 tbrncn 


15 


BALXX 


(BI) 


4tbtBch 


E6 


BALA 


(BA) 


4 :brnch 


E7 


BALAX 


(BA) 


4;brscb 


18 


LOCK 


(B) 


1G:sys 


E9 








EA 


CLI 


(RI) 


8:logic 


KB 


CI 


(HI) 


7:arith 


EC 


TGTI 


(11) 


5:trap 


EB 


TLTI 


(11) 


5:trap 


Sil* 


TKEI 


(EI) 


5:trap 


BF 








to 


IOR 


{») 


1t:i/o 


Ft 


I0» 


(B) 


11j1/o 


P2 


I PI 


(BI) 


6;move 


P3 








pa 


HSLI 


(B) 


*» •£» IJ'XjI'C' 


PS 


SSLPI 


(B) 


9 :shif t 


F6 


NSEI 


m 


9:shift 


P7 


SSBFI 


(B) 


§:shift 


?8 








n 








Ft 


Al 


P) 


7:arith 


?B 


AEI 


m 


7;arith 


pf 


HI 


(B) 


Sslogic 


PB 


01 


(B) 


8 slogic 


PE 


XI 


V» 


8:logic 


PP 








1 ' 


CAX 


(X) 


3:adres 


X 


LHAX 


(X) 


2 :s trge 


I 


LB2X 


(X) 


2:strge 


X 


LX 


(X) 


2 ss trge 


X 


STCX 


(X) 


2;strge 


X 


STHX 


(I) 


2sstrge 


X 


SfX 


(X) 


2;strge 


XX 


ABS 


(R) 


7:arith 


XX 


BBR 


(K) 


4 :brach 


XX 


BWBB 


(B) 


4 rbrnch 


XX 


BBRX 


(R) 


4;brnch 


XI 


B8BEX 


m 


4 :brach 


XX 


CAB 


m 


3:adres 


XX 


EXTS 


m 


7:arith 


XX 


I8BCL 


m 


10;sys 


XX 


IFIZ 


pi) 


6 move 


XX 


LB 


m 


2 sstrge 


XX 


LHAD 


(B) 


2 sstrge 


XX 


LBZB 


(B) 


2:strge 


XX 


EPIA 


(R) 


6:move 


XX 


SPI 


(B) 


7:arith 


XX 


SBL 


m 


9sshift 


XX 


SBLI 


(8) 


9 sshif t 



branch on bit and execute 

brancb on not bit 

branch on not bit and execute 

branch and link, I -form 

branch and link with execute, I -form 

branch and link absolute 

branch and link absolute with execut 

establish lock 

compare logical immediate 
conpare immediate 
trap if greater than immed 
trap if less than immediate 
trap if not egual immediate 

in put -out put read 
input-output write 
insert prefix immediate 

and, then shift left immediate 

and, then shift left paired immediate 

and, then shift right immediate 

and, then shift right paired immediate 



add immediate 

add extended immediate 

and immediate 

or immediate 

exclusive or immediate 

compute address ,X-form 

load half algebraic, X— form 

load half zero, X-form 

load, X-form 

store char, X-form 

store half , X-form 

store, X-form 

absolute value 

branch on bit, K-form 

branch on not-bit, R-form 

branch on bit and execute, 1-form 

branch on not-bit and execute, r-for 

compute address, B-form 

extend sign 

invalidate data cache line 

insert prefix immediate and zero 

load, B-form 

load half algebraic, B-form 

load half zero, B-form 

move from instruction address 

subtract from immediate 

shift half left 

shift half left immediate 
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11 


SHXB 


(B) 


9 rshif t 


XX 


SHLPI 


m 


9:shift 


XX 


SHB 


m 


9:shift 


XX 


SHBI 


m 


9tshift 


XX 


SHEP 


m 


9:shift 


XX 


SHKPI 


m 


9:shift 


XX 


SEI 


m 


7:&rifh 


XX 


sx 


m 


7 rarith 


XX 


SfCD 


m 


2jstrge 


XX 


STD 


m 


2:strge 


XX 


STffD 


m 


2sstrge 


XX 


TtT 


(B) 


5:trap 


XX 


THE 


(E) 


5 strap 


XX 


TPO 


(E) 


7:arith 



shift half left paired 

shift half left paired immediate 

shift half right 

shift half right i»«ediate 

shift half right paired 

shift half right paired immediate 

subtract extended immediate 

subtract iaaediate 

store char # B-for* 

store, B-f or* 

store half ,D -fori 

trap if less than 

trap if not equal 

test prefix for overflow 
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BEE 



CODE TIRE SBCflOH IBSTRUCTIOH 



A AA fR) 7sarith add 

ABS XX (B) 7:arith absolute value 

AD A 9 (R) 7:arith add decimal 

Al AB (R) 7tarith add extended 

AEI FB (B) 7:arith add extended iamediate 

AI FA (B) 7tarith add immediate 

BALA E6 (BA) 4:brnch branch and link absolute 

BALAX 1? (BA) 4:bmch branch and link absolute with execut 

BALI E4 (BI) 4:brnch branch and link,I-form 

BALIX 15 (BI) 4sbrach branch and link with execute, I -form 

BALE 94 (B> 4:brnch branch ana link,R-forn 

BALIX 95 (R) 4ibmca branch and link with execute,R-for» 

BB EO (BI) 4:bmch branch on bit 

BBS XX (R) 4:brnch branch on bit, R-form 

BBBX XX (R) 4:brnch branch on bit and execute, R-form 

BBX 11 (BI) 4;brnch branch on bit and execnte 

BEX C2 (K) 4:bmch branch, execute and enable 

BEB E2 CBI) 4:brnch branch on not bit 

BHBR XX (1) 4;brnch branch on not-bit, R-form 

BSBRX XX (R) 4:brnch branch on not-bit and execnte, r-for 

BSBX E3 fBI) 4:brnch branch on not bit and execute 

C CB (R) 7sarith compare 

CAB XX {») 3:adres compute address, B-form 

CAX X (X) 3:adres compute address, X-form 

CI IB fRI) 7:arith compare immediate 

CL CA (S) Silogic compare logical 

CLI EA (EI) 8:logic compare logical immediate 

CtZ 9F (R) Stlogic count leading zeros 

BI BI (R) 10:svs disable 

BS B9 (B) 7:arith divide step 

EI BO (R) lOisys enable 

EXTS XX (R) 7:arith extend sign 

ICBI BC (R) 6:io?e insert condition bit immediate 

ISBCL XX (R> 10rsys invalidate data cache line 

IEICL B2 (R) 10;sys invalidate instruction cache line 

I0R F0 {B> Tt:i/o input-output read 

I<|» F1 fB) 11ri/o input-output write 

I#I F2 (BI) 6tmove insert prefix immediate 

IEIZ XX {RI> 6:move insert prefix immediate and zero 

LB XX (») 2istrge load,B-form 

LEAD XX (D) 2:strge load half algebraic, B-form 

LBAX X <X) 2:strge load half algebraic, X-form 

LHZD XX (B> 2:strge load half zero, B-form 

LH'ZX X (X) 2:strge load half zero, X-form 

LOCK 18 (B> 10:sys establish lock 

LX X (X) 2:strge load, X-form 

BCOO 88 (R> 6:sove move character zero fro» zero 

HC01 89 (R) 6;»ove move character zero from one 

HC10 8A (R) 6:move move character one from zero 

HC11 SB (R) 6:move move character one from one 

HFCR D4 (R) 6:aove move from condition 
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BFCO 
SFC1 

BFC2 

BFC3 

BFD 

MFBP 

8FIA 

BFBQ 

MFP 

BFTB? 

BFfB 

as 

BfCK 

BTCO 

HTC1 

BTC2 

STC3 

BTD 

BTBP 

BTBQ 

BTP 

BfTB? 

STTB 

If 

SI 

BS!»I 

BSLPI 

HSR I 

SSRPI 

O 

or 

s 

SAR 
SAB I 

sj> 

SE 

SEI 

SFI 

SHI. 

SHLI 

SBLP 

SH1PI 

SHB 

SHRI 

SBRP 

SBRPI 

SI 

SL 

SLI 

SIP 

StPI 

SB 

StI 

SBP 



eo 

81 

82 
83 
8C 
8D 
XX 
05 
92 
D9 
D7 
B8 
C4 
84 
8S 
86 
87 
8E 
8F 

93 
T>A 
D8 
BC 
¥C 
F4 
F5 
F6 
F7 
BB 
FB 
IE 
12 
B2 
A0 
AF 
XX 
XX 
XX 
XX 
XX 

#A 

XX 
XX 
XX 
XX 
XX 

A4 

14 
A5 
B5 
10 
&1 
BO 



(H) 
(RJ 
(B) 

m 
m 
m 
m 

(B) 

m 
m 
m 
m 
m 

(B) 
<B) 

m 

m 
m 
m 
m 

(B> 

(R) 
(B) 

m 
m 

(D) 
(B> 
t»> 
W 
(B) 

CB> 

m 
m 
m 

Cl> 

(B> 
(D) 

(B) 

CR) 

<R) 

m 

m 
m 
m 
m 

m 
m 

(B> 

m 
m 
m 
m 



6:aove 

6 :aove 

6:aove 

6;aove 

6:aove 

6 raove 

6: a ove 

6:«ove 

6:iore 

6 :aove 

6:aore 

7:arith 

6:nove 

6:aove 

6:© ove 

6 :tove 

6:aove 

6:aove 

6:aove 

6:iove 

6:aove 

6:»ove 

6:aove 

8:logic 

8:Iogic 

9:shift 

9:shift 

9 :s hift 

f:shift 

8 slogic 

8:logic 

7:arith 

9:shift 

9:shift 

7:arith 

7:arith 

7:arith 

7:arith 

9;shift 

9:shift 

9:shift 

9:shift 

9:shift 

9:shift 

9;shift 

9:shift 

7:arith 

9:shift 

9jsbift 

9:shift 

9:sbift 

9:shift 

9;shift 

9sshift 



aove froa character indexed by SXO 

aove froa character indexed by SX1 

aove froa character indexed by SX2 

aove froa character indexed by SX3 

■ore froa digit 

aove froB digit paired 

aove iron instruction address 

Bove froa BQ 

love f ro» prefix 

aove f ro« test bit value 

aove froa test bit 

aultiply step 

■ove to condition 

aove to character indexed by SXO 

aove to character indexed by SX1 

move to character indexed by SX2 

Bove to character indexed by SX3 

■ove to digit 

aove to digit paired 

aove to BQ 

move to prefix 

wove to test bit value 

aove to test bit 

and 

and immediate 

and, then shift left iaaediate 

and, then shift left paired iaaediate 

and, then shift right i»Bediate 

and, then shift right paired iaaediate 

or 

or iBaediate 

subtract 

shift algebraic right 

shift algebraic algebraic iamediate 

subtract deciaal 

subtract extended 

subtract extended iaaediate 

subtract froa iaaediate 

shift half left 

shift half left iaaediate 

shift half left paired 

shift half left paired iaaediate 

shift half right 

shift half right iaaediate 

shift half right paired 

shift half right paired iaaediate 

subtract iaaediate 

shift left 

iaaediate 

paired 

paired iBaediate 



shift left 
shift left 
shift left 
shift right 
shift right 
shift right 



iaaediate 
paired 
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SBPI 


B1 


(B) 


STCD 


XX 


P) 


SfCX 


X 


(X) 


STB 


J» A 


m 


SfDCL 


C8 


(B) 


STHD 


XX 


{») 


STHX 


X 


(X) 


SfX 


X 


CX> 


TGfl 


EC 


<RI> 


TLT 


XX 


(1) 


TITI 


ED 


(BI) 


J.MJ5 


XX 


(B> 


TSEI 


«»"!» 


(11) 


TPO 


XX 


(!) 


XI 


Fl 


P) 


X 


BE 


(B) 


EHOP 


D3 


(B) 



9:shift shift right paired immediate 

2:strge store char,B-form 

2:strge store char # X-€oris 

2 ss trge store, D-form 

10:sys store data cache line 

2;strge store half,B~form 

2:strge store half ,x -for* 

2:strge store, x-form 

Srtrap trap if greater than iitmed 

5:trap trap if less than 

Srtrap trap if less than is mediate 

5 strap trap if not equal 

5:trap trap if not egual immediate 

7sarith test prefix for overflow 

8:logic exclusive or immediate 

8:logic exclttsive or 

10: sys zero-time no-op 
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